NOTICE 


THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 
INFORMATION AS POSSIBLE 



r 


iASA Technical Memorandum 81276 


USAAVRADCOM TR 81 A 7 


(MASA-TS--dl27fa) Tht tlOLE Qf THE HLSEAHCH Nol-iyiJl 

SIflULATOB IN THE '6i21ldS DEVEIUPMENT JF 
hOIOiiCRAFT (NASA) 25 p HC A02/MF A01 

oSCL die UiiCxdii 

GJ/J5 417J9 


The Role of the Research Simulator 
in the Systems Development of 
Rotorcraft 

Irving C. Statler and Arlin Deel 


March 1981 


United States Arn-,y 
Aviation Researr h 
and Development 
Command 





NASA Technical Memorandum 81276 


USAAVRADCOM TR 81 A 7 


The Role of the Research Simulator 
in the Systems Development of 
Rotorcraft 

Irving C. Statler 

Arlin Deel, Aeromechanics Lalwratory 

AVRADCOM Research and Technology Laboratories 
Ames Research Center, Moffett Field, California 


IVIASA 

N.l'u 'n,r At'ii'i'.iiit ,ck; 
'Vltn.n.sti.ilu'ti 

Ames Research Center 

Mv'ttt'ii t ic’d r.lhiprnu '>40.; 


Unitetl Slates Afmy 
Aviation Research ami 
O’velor>mt»nl C'ommanil 
St Lixiis, Missoijii hitthh 




l}*t 

mmaniFm in^mkn %mum n m 

svsrae OEVBJMQir op wtomhpt 

trviRI C. Smtar 

Otractor. ktrv Aaalet Lrtmtory 

aid 

Mta Baati Cal.i O.S. knff 

Profraa MMfn', OetercraPt SjAtans Inta^tlM Stwlator 
Oarawcliaatcs la bor a tBiy 
U.S. Any Aviatiaa Ml rmiaiiwrt 
hms teaaarek CaAt«‘, NMl 
Naffatt FlalO, California MI3S. H.S.A. 


Owtf tka last 20 jnars, fll^t slaulators tiava bacoM accaptaO as tratnins K»1s. Noraovar, 

rasaarch simulators have been used extensively by the flxed-wlnq industry in the design, testing, and certi- 
fication of new aircraft. The rotorcraft Industry, however, has bean slow to use nan-ln-the-loop slaulatlon 
to solve Its design problems, primarily because of the difficulty of modeling complex rotorcraft for real- 
time simulation and because of the need for a wide-angle visual system for low-leva’ fll^t. A Joint 
U.S. Army and NASA program has been l.nttlated to provide this simulation capability for exploitation by both 
goverment and Industry. This paper, a status report of that progrma, discusses the itotential a^llcatlon 
of the research simulator to future rotorcraft systems design, development, product I'tproveraent evaluations, 
end safety analysts. 


1. INTMXNKTION 

Although the U.S. Amy accepted delivery of Its first helicopter 40 years ago. It was not until after 
the toreen Uar that the necessary (toctrine and experience were available with which the development of a 
military helicopter cmld be begun In earnest. The greatest liaises to and progress In helicopter develop- 
ment resulted from the regulrements and experiences In the Korean. Viet Nan. and Middle East wars. 

tn tlw three decades since ttw end of Itorld Uar II, the U.S. Ar^ has considerably expanded Its use of 
the iwllcopter. Originally, the helicopter «ms thought of as being a reconnaissance, evacuation, and 
general-purpose aircraft that was capable of performing missions similar to those that had been performed 
by the ll^t, flxed-wlng ilrcreft. As the potential of this vehicle began to be appreciated. Us use edM 
another dimension to the battlefield by enhancing the Army's ability to conduct the land coAat functions of 
mobility, intelligence, firepower, combat service support, and cai*and, control, and communication. Heli- 
copters are now recognized by the U.S. Arey as i^wrtant replacements for traditional ground vehicles in the 
performance of certain missiors that are beyond the cepabiiity of fixed-wing aircraft. As the helicopter 
has acquired these new missions. It has also acquired new tactics, new performance requirements, and a tre- 
mendous Increase in tn# mxAer of subsystems, most of which require some degree of management or control by 
the pilot. The typical Army aviator today is expected to menage the flight-control systems, the navigation 
and guidance equipment, the target acquisition and designation systems, the weapon systems, the electronic 
countermeasures systems, the Identification systees, and the coiamunlcation systems - all while he Is flying 
close to the ground, maneuvering around and t^tween obstacles, possibly at night and In adverse weather. 

As an example of the current situation. Table 1 shows some of the systems in the new Advanced Attack 
Helicopter, the AH-64. over sdilch the aircrew must maintain sane degree of management or control. In addi- 
tion, there are a Hellflre missile subsystem, a 30-«t chain-gun subsystem, an aerial rocket subsystem, an 
external stores subsystem, and the fire-control subsystem. As another example, consider the comparison of 
the cockpit displays shown In Fig. 1. The W-13 display provided only essential flight Information; that 
of the UH-60 provides information tailored to that helicopter's mission. 

Considerations of cost have played a role In this tendency toward more mission caiqjlexity for each 
aircraft. If the current trend of exponentially Increasing costs continues over the next 40 years. It Is 
estimated that the entire U.S. Air Force budget would be required to fund a single aircraft system. Sig- 
nificant progress has been made in designing systems for reduced production and support cost. In utlUilng 
new technologies to reduce cost, end In evolving the systems acquisition and logistics management processes 
which exert a major Influence on life-cycle cost. However, there has been little progress In the most 
costly area, namely, that of setting the requirements, and, today, when a U.S. military service finally 
obtains approval to build a new aircraft, it frequently tries to make that single systM do everything. As 
a consequence. It Is reasonable to expect that the next generation of military helicopters will be even more 
co*g)1ex and expensive than current helicopters, with even more subsystems for the pilot to manage. 

Training alone may no longer enable the pilot to cope with the situation. It Is oisslble that regard- 
less of the extent of training, we are approaching the limit of the human pilot's capability. Of course, 
the helicopter could be mad# easy to fly or even to fly Itself in these new missions, but such benefits are 
costly. Automation can significantly Increase cost and co^lexity. and adversely affect reliability and 
maintainability. To be cost effective, the military helicopter must make full use of Its pilot and his 
capabilities. However, he must not be overloaded to the extent that his mission performance is degraded or 
his margins for error are decreased until there Is an increased susceptibility to accidents. Ground-based 
flight siiixjlation 1$ tiie only practical way to Investigate the trade-offs systematically before hariheare Is 
developed. 
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Ovtr tto Utt to yMrt or to. rowi i -botoO fitakt •(■ulotton tat tacoM i rtcognliod ota witaly 
iccopM trolning tool. In tta f1n4-«lN« olrcroft toiottry. tta coot offoctIvoMti of |rwta-tato4 fitflit 
tlauiotion In rototrch tnd tavtiopnnt tat i1r«M|y taon taaoMtrotoO (taf. 1). It tat tactw t prlaory 
tool In tta flolOt of 4y«<oa1ct. control 'tyttOH iotolopiont. onO huain ftctort. Tta untartUnOIng of tta 
flight ctaroctorlttlci of now olrcroft, tta OovologMnt of cortlflcotlon criteria, tta volltatlon of o1r> 
croft control concoptt. tnd tta fontilttlon of non ttarotetat to t1r-troff1c control procoduroi art jMt a 
foM OKOtalo* of tta ntny titot of tta w ta rn flight tlwlator. tacont ONgtatlt on tta control of dovtlop- 
Mnt cottt tnd on tta contorvttlon of fool tavo tntancod tta Incrtatingly Important rototrch tnd dtvtiop* 
mint rolt pityod by flight ilnulttort. 

Although flight tlwlatort htvt boon uidoly utod by tta fltad-olng Induttry for many yotri, thty taro 
boon utad to a far latter oatont by the rotary-ming Induttry. In 1171, the U.S. Artgr Inltlatad an oatontlvo 
program In tho utt of tlmulatort for training tallcoptor aircram uhan It Introduced tta UH-IH Synthetic 
Flltat Training Syitma. Since than, training tlmulatort have been dtvtiopod for tha CH-47 Chinook, 

AH*i Cobra, and tha UH-60A Blackhauk. A contract for tta devalopwt n t of tha AH>M uaapont tytttm trainer 
It aapactad to ba awarded thit year. Similarly, tta U.S. tavy Introduced a weapont tyttam trainer for tta 
SH-2F Soaiprita In 1976 and hat tyttam under devalopment for tna CM>46t Saa Knight and SH-3H Saa King. 
Howavar, In contratt with tha flxad-wlng aircraft Induttry, there hat bean only limited ute of mn-1n-tta* 
loop tlmlatlon during tha rataarch and davalopmnt phatat of rotary-wing aircraft. 

In 197S, a Joint U.S. Army and NASA ttudy wat parforawd to review tha functlont, ttatut, and future 
naadt for ground-bated flight tlmulatlon of rotary-wing aircraft. In tha courta of thIt rawlow, the dafl- 
clanclat In currant tlmulatlon capability relative to rotary-wing aircraft requlreamnti ware Idantiflod. 

At a retult of that review (llaf. 2), a program wat Inltlatad to develop a high-fidallty rotorcraft simula- 
tion capability that could ba exploited by both govarnmnt and Induttry In rataarch and davalopmnt. Tta 
simulation capability It being developed Jointly by tha U.S. Anpy tnd NASA at Amt tatoarch Canter. This 
paper It a status report of that program. 

2. USES OF A ROTORCUFT SIMULATOR IN RESEARCH AND DEVELOPNENT 

Tha Introduction of tophlstlcatad control techniques want that tha mtrlx of pottlbla aircraft 
behavior It to great that only pilot participation can separate acceptable and unacceptable handling quall- 
tlat. At a result, simulation provides a tool for tha research worker to use whan Investigating new air- 
craft characteristics and when optimiting them in the operational task. It allows the desiqnar and tha 
development engineer to “fly’’ a lomples vehicle in a variety of configurations, throughout its operational 
envelope, and beyond, and with all the failure modes. 

But sixulation it now even wre than that. There have been spectacular advances in simulation tech- 
niques during the last decade, and simulation now penetrates all aspects of aarotpaca activity. It permits 
the study of various pilot'-.; tasks and operational tactics, the development of guidance systems, displays, 
weapon systems, cockpit layout, and, in fact, all aspects of the operation of aircraft that affect tha 
pilot, both in his pertormance as a controller and as a manager. The widest ute of all. of courta. It In 
the training of aircrews. In the civil field, simulation has made pottlbla taro flight time whan crews are 
advanced to new aircraft; in the military field It is moving toward complete mission training on the ground 
(not yet successfully achievedl 

Flight simulators can be used to train batter pilots or to develop better aircraft. The latter appli- 
cation is addressed in this paper. The review performed by the US. Army and NASA (Ref. 2 ) pointed up the 
need for studying the interrelated elements of tha rotary-wing aircraft tyttam: the human pilot, tha 

flight-control system, the displays and vision aids, tha navigation and guidance equipment, tlie weapont 
systems, and the ever-changing environment. In the final analysis, it it the optimum cooperation between 
the two dynamic systems the pilot and the aircraft that is decisive for the success of a flight mittlon. 
Therefore, it is Important to study the behavior of both the pilot and the aircraft at wall at their mutual 
influence, and to define the criteria of good handling qualities and of the handling limits of the tyttam. 

There are three types of simulation: nonreal -time, real-time (man- in-tha-loop) . and in-flight. Today, 

In the fixed-wing Industry, these three simulation phases are used in an integrated approach during design, 
development, and evaluation of new aircraft weapon systems. The more complex and expensive techniques are 
used to validate and improve the credibility of the simpler, more economical, and more flexible approaches. 
This approach provides early Identification of problem areas and an associated risk reduction. Manned, 
ground-based simulation it an impiirtant link in the design, development, evaluation, and training process 
for .idvanced aiiMaft wr.ipon systems 

The 1975 Army/NASA study concluded that the needs for a helicopter RiO simulator tell into the follow- 
ing two categories: 

1 In support of basic techno1o«. This work consists of generic studies of stability and control, 

handling qualities, controls and displays, and other aspeits of the man-machine interface. 

.'. in Support of the development of new aviation systems or improvements to fielded systems. Ihete 

efforts start early In an aircraft acquisition cycle by assisting the user and the deyeloper In performing 

design studies, system integration evaluations, and trade-offs. 

The first of these uses permits us to address the fart that curr%"t helicopter flying qualities speci- 
fications are based on an obsolete design standard Fo: our newest .lel icopters , we have had to devise 
poorly substantiated vrlteria for new missions and tasks. Therefore, in our current RAO program we are 
pursuing the deyelopment of a technological data base In rotorcraft handling guclities that should enable 
us, for the first time, to generate knciwledqeably the criteria and the specifications on flying qualities 
for rotary-wing aircraft designed to perform mi 1 itary missions iFig 2). Ultiawtely, the intent is to pro- 
vide the designer with the matrix of infoi-mation he needs to relate effectlvenes* to life-cycle costs. 
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Ttw dmlopamt of • hond11ng>qMlltlM tpKifIcotlon for um by btllcopter ■UMfocturort In tlw dnign 
ptMitt Mold boMfIt both tbt Indottry ond tbo g o o or i t nt. Exporlonct bti tiMMn tbot tbo hm of tbt nirront 
bondllng-gualltlH tgoclflcotton (NIL-H-MOIA) bit folltd to prootdt aort tbon boitc gutdMco to Indutry, 

•nd ottanpto to OMt tbo rooolrooMt* of tbot ipoclfteotlon boot. In otny tnotancoo. rooultod In «tndoo1rob)t 
flying gvotltloi (Mif. 3). Indlvlduol opocificotlont Mort dtvolopod for tbo Utility Tocticti Tronsgort 
Aircraft Syotao (UTTAS) ond tbt Advonctd Attack Hollcogtar (AAH) In an affort to afiailnatt tbit dof1c1oncy« 
but both bollcopton, altbougb Judged to bavo luporlor flying qwatltloi, alto fallod to Moot certain rooulro- 
nonts of tbeir spocificatlont (Aof. 4). frcM an aoroMochanIcs point of vlou. our nott Modem U.S. Anny air* 
craft, tbo UTTAS and tba AAH, are bated on ttchnology tlwt It lu to 20 yeart old. Tbote aircraft, like 
tbeir pre d ece t tort. Mil) lapoto uorhioadt on tbeir alrcreut ^rlng typical Krwg Mittlont that Mill eenttrain 
the pilot froM exploiting to the naxlMuo the full capebllltlet of hit aircraft, etpoclally at night or under 
advertc Moather conditloni. 

To provide a batit for the dewlopMont of a nOM handllng-gualltlet tpecifl cation. It It necettary to 
Inprove our handling-qualities data base In three general areas: (1) static and dynanlc stability; (2) con- 
trol pouer and deeping; and (3) controller charactertttict. ttean (1) and (2) have the highest priority 
because they can Influence basic design paraMoters of the helicopter. Controller cbaracterittict are lets 
critical early In design but have a Major effect on pilot uorkload. For this reason, data need to be 
gathered on the characteristics of side-stick controllers for the next generation of helicopters; for 
exaaiple, the nuaber of axes to be controlled (tuo, three, or even fOur), the helicopter response for each 
controller degree of freedom, and the relative advantages and disadvantages of force coMand or dlsplace- 
Ment controllers. 

Rotor systems and their assocla* J > ...frols offer the nost direct Method of Improving flying qualities 
and r ducing pilot workluad In tlie a. .ns and task; typically assigned to Army helicopters. Chen and 
Valbot (Ref. 5) Investigated foui ma,,. rotor system design parameters to assess the handling qualities for 
44 configurations of matn-rotor systeas that cover teetering, articulated, and hingeless fanllles of rotor 
systems with a wide range of blade lK:rt1a. They concluded that within each family of rotor syStMas, satis- 
factory handling qualities could be obtained with the appropriate combination of rotor parameters. However, 
no single rotor system was uniformly superior In all aspects of handling qualities during typical operations. 
Additional experiments such as these are required to optimise the handlinq ovalities for specific missions. 

A topic not treated well In any existing flying-qualities specification 1$ the Interectlpr- of flight 
control and aircraft response characteristics with displays and vision aids. Aiken and Nerrill (Ref. 6) 
Investigated control-system variations for an attack helicopter mission. This was part of a atajor area of 
research at Ames Research Center that Is aimed at reducing pilot workload of highly maneuverable helicop- 
ters that are Intended to function as stable platforms for target designation or weapon delivery at night 
or under adverse weather conditions. Two candidate techniques are under Investigation; (1) modifications 
to the control system, and consequently to the handling qualities, as a function of the flight mode (e.g., 
cruise, approach to a hover, hover, and bob-up): and (2) variations In the method by which critical Infor- 
mation Is displayed to the pilot. Both of these techniques have been shown In ground-based simulations to 
offer potential for reducing pilot workload. Studies of the man-machine interfaces need to be xmde In a 
flight simulator to develop a data base on the interrelations among cockpit controls, displays, mission 
performance, and workload. Such a technology base will allow sensible choices to be made during conceptual 
system synthesis and allow handling-quality specifications to be improved. 

The second use of RAO flight simulators, during the development of new aviation systems or improvements 
to fieldeo systems, follows the entire life cycle of system development. During the program initiation 
phase, the simulator can be used to evaluate new aviation concepts or tactics that have been developed by 
the U.S. .Army Training and Doctrine Comnand (TRAOOC) to meet a specific threat (Fig. 3). The ground-based 
flight simulator has considerable potential not only In developing tactics for a given aircraft and Its 
xreapon system, but In assessing and exploiting the various factors that Influence the combat capability of 
a generic aircraft system. Combat sinulatlon can be used to indicate trade-offs and exchange rates, con- 
sidering the costs of Such factors and other design features as well as the resulting effectiveness In a 
particular mission. The (totential value of combat simulation is. therefore, enormous - it provides an effi- 
cient way to address design issues of new aircraft at the time that requirements are being established. 

Host of the life-cycle costs of an aircraft are determined once the requirements for mat aircraft nave been 
specified. Consequently, the important trade-off decisions must be made very early, when the tactical utili- 
zation and the conceptual designs are still in discussion. The RAD simulator also provides an Ideal environ- 
ment for evaluating the threat from both ground weapons and enemy helicopters (Fig. 4). The probability of 
air-to-air combat between helicopters on the future battlefield is extremely high. Success in these engage- 
ments may depend on exploitation of weakness in the threat helicopter's handling qualities on in the optimiza- 
tion of Our own flight maneuvers. It may he in this approach to establishing requirements that ground-based 
simulators will play their most effective role in minimizing the life-cycle cost of our future aircraft. 

Such evaluations can help answer the questions and support the rationale leading to a Mission Element Needs 
Statement (MENS). After the MENS is approved, the RAD simulator can be used in the demonstration and valida- 
tion phase (Fig. S) for evaluating the flying qualities of competing designs as well as for easing future 
systems integration efforts. 

Recently, from developments in the fixed-wing industry, there has come a realization th.xt the benefits 
of active control technology c.m only be realized if they are considered during the initial selection of the 
aircraft configuration for the designated mission Py introducing control concepts as an element in the 
trade-of's during initial design studies, certain benefits in performance and efficiency may be realized 
through roliance on the capabilities of a flight-critical automatic control system. However, handling- 
qualities criteria for helicopters in military missions do not exist: consequently, evaluations such as 
these that depend on subjective ratings can only be obtained during initial design studies in a man-ln-the- 
loop. grjund-based flight simulator. 

Consequently, manned simulation plays an important role in establishing hardware configuration during 
the development phase (Fig 6). During the evaluation phase of a baseline design, test pilots and opera- 
tional pilots are provided the opportunity, through manned simulation, to evaluate the baseline and mission 
scenarios with full operational freedom This is the last point in time when changes to the baseline 
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dttign can bt Mda without oxtr«Mly cottly hardwort ratrofit. Alto, actual prototypt flight harAttra can 
ha IncorporataP Into tha flight tloulator. Although standard banch tntagratlon tatts will varify alactrlcal 
and. In tom catat, toftwara cawpatlblllty. only a ^rnawtc tlwlatlon can cenplataly aaarclia tha agulpaant. 
Evan aora Isvortant. alt aspacts of tha toftwara can bt tattad In a nlttlon anvlronwant wall bafora tha 
aircraft fllat. In addition, training of tost pilots for tha fenMl fllght-tatt prograti anablat procadurtt 
to ba davalo^ bafora flight. 

Tha utt of flight slnlatlon It txpanding rapidly, particularly at nlttlon syttant bocona nora conplat 
amt nora highly Intagratad. Tha airrraw workload Involv^ In tubtyttan awnaganant, particularly In a cMbat 
anvlronwant, can of couria ba drastically altarad by craw station dotign and tystan autonatlon tachnlguat. 
Kith tha wida assortnant of advanced display tyttans and control tachniquts avallabla to tha craw station 
datignar. It It Inparativa that craw station dotign begin at least at early as tha alrfrana design. It It 
In this area that wanned, ground-based sinulatlon can probably contrlbuta tha greatest aaount of guidance. 

Tha cost and nlttlon effectivenass of Inproving an existing systan (Fig. 7) versus developing a new 
tystan can also ba assessed on the flight slnulator. Modifications or Inprovanentt to an existing systan 
can create new problens, especially If those changes are developed pleceneal and by different agencies. 

For exanple, the Prel Ininary Airworthiness Evaluation of the 0H-58C, an Inproved version of the 0H-S8A, 
revealed that not only did all the deficiencies of the A-exidel renaln but eight new shortconlngs ware iden- 
tified (Ref. 7). 

Finally, the RAD simulator can be used to Investigate unusual accidents, the understanding of which 
defies nomal Investigative techniques. One such Investigation has already been acconpllshed at Anas 
Research Center. In March 1976, a Bell Helicopter Textron Model 214 helicopter crashed during hardover- 
control-slgnal testing of Its Automatic Flight Control System (AFCS). The subsequent accident Investiga- 
tion (*1d not conclusively establish the cause of the accident but did Indicate that It was not caused by a 
mechanical, electrical, or hydraulic failure. It was decided to continue tha Investigation using the six- 
degrees -of- freedom Flight Simulator for Advanced Aircraft (FSAA) st Ames Research Center. Although this 
simulator Is quite limited In vertical motion and field of view, ‘t was considered adequate for this task. 

The results proved that reaovlng the hardover-control -Signal at tl« same tine the pilot was taking correc- 
tive sctlon causes large spikes In blade flapping and was the prolable cause of the accident. The procedure 
for hardover-control-signal testing was subsequently modified and similar accidents have not recurr^. 

In suimiary, flight simulation Is an Important tool In helicopter research and development, both for 
technology-base development and for aircraft development program',. There Is no question that ground-based 
simulation has been and will continue to be an Invaluable tool, '''he flight simulator Is to the flight 
dynamicist what the wind tunnel Is to the aerodynamicist. The emphasis on the control of development costs 
and operational training costs suggests that flight simulators will play an Increasingly Important role In 
future research and development of rotary-wing aircraft. 

3. REQUIREMENTS OF A '1ESEARCH AND DEVELOPMENT ROTORCRAFT SIMULATOR 

3.1 General Requirements 

'he modern battlefield has become a highly lethal place for both fixed- and rotary-wing aircraft. The 
formidable array of weapons that can be used against aircraft has forced pilots to abandon their normal 
operating altitudes In the vicinity of a battlefield. The only air space that can be considered relatively 
safe is below 100 ft and then only If a sufficient amount of ground cover is available. The helicopter Is 
naturally a ground contact machine par excellence and its mission use in Army aviation Is more characteristic 
of a flying Jeep or tank than of an airplane. Helicopters fly low and slow and. especially during military 
missions, are close to the ground during most of their flying time. The term nap-of-the-Earth (NOE) (Fig. B) 
has been coined by the helicopter connunlty to describe operations in which helicopters fly only e few feet 
above the ground and fly around obstacles rather than over them. The environment for the pilots flying these 
missions Is rich In detail - trees, bushes, hills, and valleys. Although these terrain features offer pro- 
tection from the enemy, they can be lethal to an unwary pilot. In addition, visibility factors associated 
with weather and darkness, and atmospheric characteristics of wind, turbulence, and ground effect are all 
elements of the environment that may significantly affect the helicopter pilot's tasks. The helicopter crew 
must maneuver around and between obstacles and navigate, communicate, and proceed with the mission while 
maintaining awareness of threat weapons. 

Current simulation capabilities cannot meet the requirements of rotary-wing aircraft when one considers 
all the aspects. Including mission, task, aircraft characteristics, environmental conditions. Instrumentation 
and displays, performance, and workload. Many of these aspects impose requirements quite different from 
those met by even the most sophisticated fixed-wing simulators. The most advanced ground-based simulators 
In the world are available to the U.S. Army's Aeromechanics Laboratory (through agreements with Ames 
Research Center), but even these are not adequate to meet the Army's need to simulate nap-of-the-Earth flight 
operations. The visual display Is required to represent much more detail in the terrain and vegetation. Low 
flight speeds an.i iilgh maneuverability allow rapid changes of flightpath to be achieved so that the field of 
view required for the helicopter pilot to see where he is going is wider than that of a fixed-wing aircraft. 

In a fixed-wing aircraft with good handling qualities, the aircraft Is stable and control 1$ largely a 
two-axis task with pitch and bank angles being used to direct the aircraft flightpath. In a helicopter, 
especially at speeds approaching hover, pitch attitude becomes less effective In controlling flightpath 
angles and becomes a better control of speed, while another control, thrust. Is required for rate of climb. 

In addition, heading Is no longer controlled by bank angle but also requires an additional specific Input 
through the yaw control. Thus, the pilot's control problem becomes much more complex; he must now work all 
four controls. 

These characteristics of helicopters and VTOL aircraft. In conjunction with their missions, create a 
greater need for motion and visual cues in their simulator systems than is necessary In similar systems for 
fixed-wing aircraft. Also, the mathematical model required for a reasonable representation of a helicopter 
Is more complex, for it must contain some elements of rotor dynamics. Thus, the requirements on the visual. 
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■otlMi ini camutitloMl itptcti irt ill ilffirtnt. ind gmtnUy ilgnlflcmtly aort ttvtrc tinn tlwM far 
• ilMlitlnn of tiallir f1do)1ty for • flMd-Mln^ ilrcrift. Furthorwro, lUtatigti thtrt irt miw hollcoptor 
trolnini ilaylitort. tho rooMlroainti of tho flight ilMlotor In tho rostirch and dtoologamt roll ini In 
tho training roll aro ilfforont. In tho foraor caio. w art conctmoi with tho iovtiooaont of tho coaploto 
flying ■achlno; In tho lattor, mo aro concomod with tho dovolopaont of tho ain. In tiM dovologaont of tho 
Mchlno. It It lagortant for a valid aaiotaaont of tho vohicio that tho pilot adopt tho taaa control atratogy 
In tho alaulator as In tho air. In tho training rola. It It not ohvlout that an Identical control stratagy 
hy tho pilot It nocottary for tho transfor of tklllt. 

Tho charactorlttlct of tho ttaulator hardwaro coagwnonts that havo aailaua cost and tochnological affoct 
aro: (1) aotlon tystaa charactorlttlct, such at tho iwnbor of dogroot of froeden, scaling of coot, taooth- 
nots, bandwidth of rotponso natchlng, and oxt'* of nlscuolngi (2j visual display charactorlttlct, such at 
flold of vlow, rotolutlon, dotall, and dynanl. mpontos and (3) tho accuracy of tho MthoMtlcal nodol, that 
It, tho nathanatlcal roprotontatlon of tno tloMlatad aircraft. Tho rogulraaontt that have tho groatott affect 
on tho charactorlttlct of these throe conponents will be discussed in turn. 

3.2 Notion (Platfom) Ragulreaientt 

Notion and orientation perception Integrates four sensory nodalltles: vestibular, visual, nonvestibular 
proprioceptive, and tactile. Although the tensors are largely physiological conponents, the biological con- 
trol processor which Integrates Infonaitlon fron the various sensors Is strongly Influenced by psychological 
factors. 

There exists no obvious and accepted noasure of antlon cue requiranents. An attenpt to pronote sys- 
tetnatlc and coaiplete physical descriptions of ax>t1on systens Is to be found In the wort of the AGARO FNP 
Working Group 07 (Ref. 8) but that group did not address the relation of the Identified Metrics to pilot 
cueing capabilities. 

Just because certain motions and forces are present and perce1ve<l In flight does not necessarily wean 
that they are Important In performing or learning certain flying task... On the other hand, Motion cues In 
night simulation can be Important even when adequate alternative visual cues are available and even for 
the study of head-up display presentations. Motion Is Important because of the proved effect of a motion 
platform on the gain and phase of the ollot's control Inputs. There are relatively few cases In which 
motion Is not needed as a limited displacement onset cue. 

It Is generally agreed that motion simulation Is required to obtain the full potential pilot perfor- 
mance. In a more specific sense, motion simulation Is required: (1) when expected motions are above human 

sensory or Indifference thresholds; (2) when expected motions are within the sensory frequency range, that 
Is, above 0.2-0. 5 rad/sec; (3) if full pilot performance (e.g., tracking) Is desired; or (4) when a degree 
of face validity or realism Is required to gain pilot acceptance of the total slaxilatlon. 

An example of relating simulator motion system capabilities to the maneuver envelope of an aircraft is 
presented In a paper by Key et al. (Ref. 9), which includes a description of the devel pment of the require- 
ments for a motion system to be used In a helicopter flight simulator. 

The criteria that were adopted for these requirements were based on the opinion: of experienced 
researchers, which In turn were supported by limited test data. In essence, the cr1:er1a relate the maximum 
allowable distortion of angular velocity and apparent force In the simulator to that of the simulated air- 
craft. This distortion Is considered at the discrete frequency of 1 rad/sec; rotational sensing Is best at 
the 1-rad/sec frequency. Figure 9 describes the fidelity of the motion In terms of the phase distortion and 
amplitude of the angular velocity and specific forces observed In the simulator relative to those of the 
helicopter cockpit that Is being simulated. After hypothesliing the suitable motion washout algorithms. It 
Is possible, by flying extreme maneuvers, to determine the required performance (I.e.. excursion, velocity, 
and acceleration) of the motion platform. 

Flight maneuvers resulting from fixed-base simulations of MOE flight operations were analyzed In this 
way to define the platform excursion requirements. These time histories were played (off-line) through a 
drive logic representing that of an advanced s1x-degrees-of-freedom simulator, with the fidelity boundaries 
and selected operating points fer each axis, as shown In Fig. 9. The results of the analysis. In terms of 
the maximum excursion, velocity, and acceleration of each axis, are presented in Table 2. The requireawnt 
Is that all axes produce these quantities simultaneously; this requirement Is amplified by the data of 
Table 3, where the position of each axis at the Instant that one axis reached a maximum Is presented. The 
data are from a typical maneuver case, using the optimized drive logic described above. The significance 
of the data Is that when one axis Is at « maximum, some of the others are at large values also. A nohllnear 
drive logic Is needed to vary the gains and washout frequencies with amplitude of motion In order to obtain 
as much fidelity as possible for lower amplitude tasks. 

Specification of threshold performance Insures a smoothly operating device devoid of the bumps and 
jerks characteristic of platform motion systems. Angular motion thresholds have tieen shown to be frequency 
dependent, and all values are a function of pilot task loading. The values adopted (Table 4) are approxi- 
mations to the available data. 

3.3 Visual System Requirements 

The out-of-the-window visual scene Is not only Important for orientation; visually Induced motion cues 
can also provide an extremely effective way of producing the Illusion of sustained linear or angular veloc- 
ity In a flight simulator. However, setting requirements for an out-of-the-w1ndow visual system for a 
simulator and the trade-off of these requirements with available visual system hardware 1$ a vexing problem. 
The initial approach Is usually to determine the gross performance of the human visual system and then to 
set the requirements of the Ideal visual system to match the performance of the human eye. This approach 
results In Impractical requirements because of the fantastic performance capabilities of the hianan eye. It 
Is apparent that duplication of motion cues in a ground-based simulator Is neither technologically nor 


•conoulctlly ftailblt; It It Ittt obvious but oqually trut thtt duplication of visual cuat» at laast at 
tbit tlw. It alto tacbnologlcally unfaulbit. Tha ra^lranant for a co(b>>bto raproductlon of tba aircrao't 
avallabla visual cuts Mill ba cai^raBltad just at turoly at Mill bo a rooulraoant that tba pilot's avallablo 
■otion cuts ba toUlly dupllcatad. 

Trada<off dacitlont bava to bo oada to provldo a solution that It faatibla both tocbnically and oca* 
noolcally. Consaquantlyt It It Inportant to Idontify, for any particular application, thota faaturtt of 
tba visual scant thtt art of ovarrldlno Inportanca and to talact tba approprltu tacbniqua of scant panart* 
tion. UnfortunaUly, tba ntnnor In Mbicb pilots oaka uto of tbair visual captbllltlat It not clatr. Nart- 
ovor, tba offact on tbair behavior of tha raooval of Infomatlon that they nomally utlllza (thus forcinp 
tbaai to substltuta altomatlvot froai the abundant redundancy often available) It even tnre obscure. There 
are no clear guidelines on hOM to ntke the trade-offs froti aircraft Mission raquIreHnts Into hwMn par- 
fonaance requiraaiants and finally Into slaailator engineering specifications. HoMever, the Increasingly 
successful use of visual slnulatlon equipaiant for training and for vehicle research and developnent hat 
stlnulatad the developawnt of better equipaant and provided data and Insights Into systaa requlrfsnts. 

One fact that Is perfectly clear Is that no one visual slnulatlon concept currently available hat all 
the desirable features for a given task; any one systen Is good In soaie respects but deficient In others. 

Also, the visual display that It adequate for a training facility any be Inappropriate for a research and 
development flight slnulator. 

The report of the AGARO FHP Working Grouo 10 (Ref. 10) discusses the metrics of flight simulator visual 
systems. The factors upon which a comparison of visual simulation systems can be based and which are the 
drivers of hardware cost and complexity comprise various spatial, energy, and temporal properties. 

The spatial properties are 

1. Field of view: In simple terms, the larger the better. 

2. Scene content; Ideally the system should provide the level of detail and textural quality that Is 
seen by the helicopter pilot during terrain flight. 

3. Range: that Is, whether the optics are collimated or can depict objects on the ground at the cor- 

rect focal distance. 

The energy properties are 

1. Luminance: should be sufficiently high to maintain the Illusion of a day scene rather than a 

dusk scene. 

2. Contrast: conveys Information regarding spatial relationships among objects In the scene and 
between the pilot and the scene. 

3. Resolution; that Is, the ability to present small, recognizable details. 

4. Color: Its need In simulation Is debatable, but It could be an Important factor In tasks requiring 
detection and recognition. 

The temporal property Is dynamic performance - the presence of lag, dead space, friction, or nonlinearity 
In the driving of the visual display or visual anomalies due to dynamic Interactions within the visual sys- 
tem are potential sources of piloting difficulties. 

The two most commonly used visual simulation systems are based on computer-generated Imagery (CGI) or 
camera/model -boards. Two other systems have limited application - film (photographic) and shadowgraph. 

The limited operating envelope and the Inaccuracies Introduced by the distortion of the Image In the film 
systems render them unsuitable for general application. Shadowgraphs are likely to remain of value only 
for special applications, such as the current sky/ground projectors. Model-boards offer the richest scene 
content but have fundamental limitations on operating volume. The scale of the model-board is obviously a 
critical parameter from several viewpoints. It should be as small as possible to allow a reasonably large 
operating area yet large enough to prevent depth-of-focus problems. A scale of 500:1 Is probably the 
smallest that will allow a sufficiently high quality picture for NOE operation. Scale Is determined by 
minimum operational height, which In turn is controlled by the bulk of the optical probe and by the cepth 
of field achievable. The optical probe used in a camera/model -board system for NOE flight must be able to 
operate very close to the ground and to vertical objects, go between trees spared only two or three rotor 
diameters apart, and it must have a sufficient depth of focus to provide good in^agery for all objects 
within the field of view. 

Until recently most visual systems were based on the closed-circuit TV/midel -board technique. This 
technique Is now rapidly falling from favor; Its deficiencies, in terms of field of view, resolution, 
gaming area, flexibility, and Installation costs, are well known, but most Importantly It appears to have 
approached the end of Its development potential. Its primary advantage over most other systems Is Its 
capacity for high picture content and. provided a suitable scale can be tolerated, good textural detail. 

In contradistinction to the TV/mode1 -board system, present day CGI suffers primarily from lack of 
picture content and textural detail, particularly in daylight scenes. Field of view and resolution remain 
problems, but are a consequence of the display device and thus strictly not a falling of the CGI scene gen- 
erator. There Is an urgent need for improved display devices to take advantage of expected developments 
in CGI. The digital nature of these systems seems to make them likely candidates for the rapidly develop- 
ing field of digital matrix array displays, such as light-emitting diodes, liquid crystals, and thin-fllm 
electroluminescent displays. Currently, these displays cannot match conventional television display devices 
In resolution. Ho'vever, the resolution is being improved constantly, the power densities are low, and very 
high brightness seems attainable. 
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Manat aro Inpratsiva. Tha raMrkabla attribute of tba latott tacl«o1o«y It Its ability te product fully 
toxturad turfacat. Tbit texturo can ba appllad to any fact and u n darga a i tea mm partpoctiH tran tf aiM- 
tlont at tha fact; at a ratult. It rcMint cabtrant trite tea fact at all tiMt, teat pravidini tea carroct 
texturo pradlant cuat that art to iMortant for lowaUltuda flight. Tha Min affact of thlt approach to 
texturing It that It Mkot It pettibte to pradtica highly caupla* i:anat wite rtlatlvaly fau facts. It hat 
boon attlMtad that texturing anhancat tha fact capacity by a factor of bctMon 10 and 100. Tha cast of 
couputar htrdMra for a givan capability continuat to raduca (although tha doMnd for uort kaapt cattt up) 
and tha tochniquat of utilixatlon continua to luprova. 

Folloulng am toM contidamtiont of tha visual tinulatlon tyttiu factors llttad above at thay am 
affected by tha special requIraMntt of tluulatlng NOE flight operations of hellcoptam. 

3.3.1 Spatial properties 

The field of view of the visual tytteti It critical to the accaattllthnant of tlMulater flight mtearch 
tasks, but tha luportance of n1ss1on*m1at1on to the design cannot be ovemnphatlnd. The situation that 
dictates tha widest field of view Is that of Mneuvoring during air-to-air conbat. and this raquIraMnt It 
oven Mm teva.e for the helicopter In one-on-one conbat than It It for the fixed-wing fighter. In conven- 
tional high-altitude air coMat, tha adversary's attitude and location mlatlva te the attacker's bo^ axes 
conprlse the priMry InforMtton required. With helicopter air eexsbat, this It not true; the low-tpnod. 
1ow-a1t1tude. and low- thrust/weight capability of these Mchinet Mket conbat near the gmund nom attrac- 
tive because of enhanced concealnent. This meant that a high-mtolutlon, w1de-f1e1d display of both the 
adversary and the ground Is required. 

For NOE point-to-point flying and hover operations, the necessary ama of display It saaller than In 
air-to-air conbat but still larger than In pmsent day TV monitor-type displays. For example, studies of 
obstacle avoidance during NOE flight yields a rcqulreemnt for a horlson-stabl ilzed 120* -wide by M*-h1gh 
ama centered at a point directly forward. This requirement results when one calculates the azimuth of a 
point 3 sec ahead during turning or sidestepping level flight. The value of 3 sec It considered the mini- 
mum preview time for obstacle avoidance. This means that a visual simulation display must be wide enough 
to show obstacles at least 3 sec a'tead In the projected fllghtpath during turns or sidestepping. For 
example, a 2-g level turn (60* bank angle) requires that objects 3 sec ahead be visible at an azimuth of 
60* for a speed of 50 knots. It also means that the display night have to be horizon-stabilized If the 
vertical field Is small (40* or less) or else the 3-sec point (or objects) will lie out of the field when 
the aircraft Is banked. This effect is Illustrated In Fig. 10. 

These considerations of NOE operations lead to ^ f1eId-of-v1ew requirement of about 120* horizontally 
bv 60* vertically that Is horizon-stabilized In roll. Such a display can be centered directly forward. 
Flight at night Introduces other considerations. SoM pmllmlnary tests at baes Research Center suggest 
that although a helicopter can be hovered In daylight with a limited field of view, an Increased field of 
view Is required to provide the cues needed to control the aircraft In darkness. Hence, simulation of 
night out-of-the-w1ndow display puts considerable emphasis on providing peripheral cues. 

The demand for wide-angle displays cannot be met with closed-circuit television systems because of 
optical problems In the TV camera. CGI can produce scenes for large viewing angles, but the displays pres- 
ently on the market cannot produce a collimated continuous wide field of view. Although a wider field of 
view can be accoemodated by simply adding mom channels - that Is, nore windows In CRT-based systems - 
there are practical limits to this approach. Such approaches generate problems of Image registration and 
window- to-window matching. Also, problems with size and weight develop rapidly for simulators with Mtlon 
bases as more windows are added. The current demand for w1de-f1e1d-of-v1ew visual systems together with 
the rapidly expanding capabilities of the computer systems to generate the scene will require developMnt 
of an advanced display device. Some possibilities are described In Sec. 4 of this paper. 

Although CGI data bases can produce the field of view desired for NOE flight simulation, they have one 
major defect - lack of scene content. With CGI, the field of view and resolution are limited only by the 
price one Is prepared to pay for the necessary computation capacity; however, the present practical problem 
Is one of providing sufficient scene detail over a large area. Although current CGI picture generators are 
capable of producing sufficient polygons and lights to make a scene flyable, the scene that is presented to 
the pilot lacks one Important feature that could add to scene content - texture. The polygons calculated 
by present-day CGIs, although shaded to blend the edges, are of uniform color. It Is very difficult to 
locate such a polygon In space by Judging Its size and perspective area. The addition of texture to the 
polygon surface facilitates the task of Judging tha distance between the observer and the object, thus 
enhancing the three-dimensional effect of the picture and making the picture richer and Mre realistic. The 
problem is to develop techniques (e.g., adding texture) that will allow the density of detail to Increase as 
features, such as hillsides, are approsched. so that scene content Is maintained at some sufficiently high 
level to provide the necessary cues to the pilot. 

3.3.2 Energy properties 

System resolution Is almost always the first criterion mentioned In a specification for any visual sys- 
tem. However, It is not necessarily the system resolution that Is Important but rather what Is presented 
to the pilot at his eye reference point. The criterion for acceptance in this application is the visual 
angle; that Is. the angle subtended at the pilot's eye by the smallest element In the display. For night 
scenes, the Ideal is to depict a point source of light at some photopic brightness level such that It would 
appear to be a true point source; this Is relatively easily identified. However, for the daytiM scene, 
selection of a single value for acceptable resolution In the display Is arbitrary In the absence of flight- 
performance data. At the tine the General Electric COHPu-SCENE was developed, 3 arcmln was the Industrial 
capability of resolution of one line by one element. 
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3.3.1 Taaporal proportloi 

Mhat It an acctpubic lag In a visual tinulatlon tyiton It tha tukjact of tOM dokatc anO confusion In 
definition. It cloarly dopoitdt on tha task and on tho vahicio dynaolcs In that tasks It will ho a alnlw 
In a tloht loop-control task with a ratpontivo aircraft. Tha control loops closed by tha helicopter pilot 
generally have low danping and are close to Instability at tlaws. In these situations, any lag or tiM 
delay can have serious conteouencet, and syttSM like the TV/nodel -board. In which large pieces of i«ch1nery 
aro saved around, nust be susoKt In terns of dynanic perfomanca. The specification of dynanlc perforoanco 
for a CGI visual tystos It relatively ttralghtf>«rward. If there are no delays due to conputatlon. Unfor- 
tunately. there are significant conputatlon- Induced doloM; we aro currently studying the allawabla toUr- 
ances. There It evidence that only about 2t of tho population could perceive lags In a visual systan 
shorter than 12$ nsev, and lags shorter than 100 Mac could not be perceived at all. Sean discussion of 
this point Is to bo found In heft. S and 10. 

3.4 Conputer Requirenentt 

Another area that poses problent considerably norc severe than those dealt with In conventional air- 
craft tinulatlon Is that of the nathanatical nodal for real-tine tinulatlon of the helicopter. The aero- 
dynasilc forces and aonents on a helicopter rotor depend on tho radial distance fron the hub and on the 
blade axinuth. The rotating blades are relatively flexible. In certain flight situations, parts of the 
blades enter nonlinear a.rodynanic conditions, such at stall or high Mach nunbor flow. AMUIomI aero- 
dynamic conplexitict occur because of Interference betwee n the airflow fron rotor blades and that of the 
rest of the helicopter. The emphasis In helicopter operations on nap-of-thc-Earth flying leads to partic- 
ular consideration of ground effect. It hat a large effect on aircraft trim and power, and when It 1» 
changing dynamically, as, for example, when flying over undulating terrain or crossing the deck edge of a 
ship, causes general unsteadiness. An added complication It the need to tie the ground-effect model Intl- 
Mtely to the visual scene. The host computer xwst accomaxsdate models of a wide variety of envlronaontal 
factors. The most Important of these are the basic atmospheric variations that affect aircraft performance 
and the wind turbulence and shears that add Important realism to the simulated flight tasks. 

There exist comprehensive mathematical models that attempt to take all of these features Into account. 
However, such programs take very large computation capacity and run much slower than real time. Many sim- 
plifications have to be made for real-time simulation, but the extent to which this can be done depends on 
Che application. 

Table 5, developed by Chen of Ames Research Center, Indicates a matrix of possibilities for aiathamatlcal 
models, based on Including different representations of the aerodynamics and rotor dynamics. Linear aero- 
dynamics Implies simplifications, such as Infinitely stiff rotor blades, sawll flapping and Inflow angles, 
and simple strip theory, with no consideration of lull or compressibility. With such a model, much useful 
work of a generic nature can be performed (Refs. A. li). However, If It Is desired to Investigate boundaries 
of the flight envelope, then even In generic studies the effects of compressibility, stall, and ether non- 
linearities nust be Included. In simulations of specific helicopters. In which special quirks of a partic- 
ular conflguriclon need to be investigated. non11r«ar effects may have to be Included even well within the 
flight envelope. 

A rotorcraft simulation capability to meet the needs of research and development must be able to repre- 
sent the essential effects of nonlinear aerodynamics and at least the flap, lead-lag, and rotor speed 
degrees of freedom. To accommodate a mathematical model of this complexity without introducing a significant 
tiM lag, a very large general-purpose digital computer, such as the CDC 7600, CYBER 17$, or soaw of tha 
larger IBM 360 and ’'’0 models. 1$ required (Fig. 12). 

4. RSIS PR0.IECT PLAN 

Under Joint agreement, Ames Research Center and the U.&. Army Research and Technology Laboratories, 
Aviation Research and Development Coxmiand (AVRAOCOM), have agreed to acquire the Rotorcraft Systams Integration 
Simulator (RSIS) to be Installed at Ames Research Center. The program Is now In Its final phase. Tho defini- 
tion phase started with an Arny/NASA study In 197$ which led to additional studies to address the Issues raised 
by the special requirenentt of rotorcraft simulation. A feasibility study of a wide-angle visual simulation 
system, cunpleted by Northrop In 1977, showed that a wide fleld-of-vlew display (120* horizontally by 60* ver- 
tically) was feasible. Analyses of fixed-tese and motion-base simulations of NOE flight operations have 
defined the cab excursions required for high-fidelity simulation notion. It was determined that the Vertical 
Notion Simulator (VNS) at Aams Research Center could be modified and used as the motion base for the RSIS. 
Independent design studies to assess the possible modification to the VNS were performed by Franklin Research 
Laboratory and Northrop Corporation In 1978. Specifications were developed from those two studies, a com- 
petitive request for proposal was issued to Industry, and the contract was awarded to Franklin Research 
Laboratory In 1979. The modification, knimn as the Rotorcraft Simulator Motion Generator (RSMG), will be 
delivered In late 1982. 

The Vertical Motion SIrulator (VMS) is a large man-carrying simulator now In operation at Ames Research 
Center iFIg. 13). The VMS consists of a nydrauHc motion system mounted on a structure with large lateral 
and vertical motion capabilities. Vertical motion is tf« primary degree of freedom and all other modes are 
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Tko conputatlon capability for tko RSIS will bo auppIloA by knot Raaoarck Cantor't roa1*t1no tltnla- 
tlon conputatlon tytton, wklck It a network of eonpHtort anA attoclatoA olactronic ogwlpnont AotlonoA to 
porfom tho conploi noAolIng and control fwnctlont of nannoA, roa1«t1no flight ilnolatlont. Tho facllltlat 
IncluAa a Control Data Corporation 7SOO conputar tytton and two Xoroa Signa tarin conpotort. Tkoto high- 
tpood digiul coMpuUrt, which Kt at kott conputart, aro uaad for talving tko conplon nathanatical noAolt 
roprotontlng tho aircraft to bo tlnulatod. Sovaral Digital Eqolpnant Corporation W 11 torlot canpotori 
larva at front tndi to tho host conputtrs. 

A now Intarckangaabla rotorcraft cab. a dovalopnant itatlon. and an advanced vltwal tytton iro can* 
pritad In tha Advanced Cab and Vltual Syttan (ACAVS) which will conplota tko RSIS projoct. Tho Aovolop- 
nont ttatlon and Inttrcnangaablo rotorcraft cab will onablo Anay/NASA rotcarchart to rolaase tho VMS for 
OKperInanti uilng othar Intarckangaabla cabt wklla tho rotorcraft cab It roconfigwrod In tho dovalopnant 
ttatlon for tko noxt axparlnant. Initially, tko rotorcraft cab will ba Inttallad In Itt davolopnant ita- 
tlon Intagrattd with Itt advanced vltual tytton and with tko ASNG. Tkit total tytton will bo IntogrataA 
with Anat Rataarch Cantar't raal-tina tinulatlon conputatlon tytton Into a fully functioning four Aagro a i- 
of-frac^ tinulator In tha dovalopnant ttatlon. It will ba axarcitad at a four-dapraat-of-frtiAon tltnletor 
In tha dovalopnant station for a period of about 1 year before being novad onto NASA't VMS. Tha concept of 
tha RSIS projKt It depicted In Fig. U. After conplatlon of an Initial tinulatlon, tha ASMS will ronaln 
at a pomanant nodificatlon to the VMS and the cab will ba novad back to Itt developnant tutlon wknra It 
will ba configured for Itt next exparinant (Fig. IS). 

The cab will be designed to provide for a variety of craw station arranpanantt. Including two crow 
stations located tide by tide with the prinary pilot on either the right or left, two craw stations located 
In tandan with the primary pilot In the front or rear, and a tingle pilot ttatlon. The prinary and sec- 
ondary instrunent panels and consoles will be nodular, permitting easy modification snd replacanent. A 
prograenable sound-generator syttan will be capable of tinulating the cockpit aural onvironnant of the 
rotorcraft. Including the rotor system or systems, the trantnlstlon, tha engine, and ground rofiKtIon. 

The cab will Include a prograxmable vibration generator syttan for the vertical axis that will vibrate the 
teats, controls, and Instrunent panels over a frequency range of 3 to 40 at anplltudet of tO.A g or 
i0.3 cm. whichever Is lets. The cab will be designed to accoanodate and be conpatible with tpeclal-purpote 
equipment, such as helfflet-mounted displays and head or eye trackers. 

The development station It the work area containing all astoclated equipment, syttans, and utilities 
required to support the dcvclopawnt and operation of the rotorcraft simulator cab and advanced vltual tyt- 
tan and to support the attanbly, checkout, testing, and Initial operation of the RSMG. At Indicated previ- 
ously. It will be used Initially to support development, checkout, and Integration of the major tiMyttent 
of the RSIS. Subsequently, the dev-lopment station will be used to support off-line devciopxwnt of Indi- 
vidual test setups (primarily cab configuration changes), thereby reducing fixed-bate tltnilator experinentt 
that tlllze the cab and the advanced visual system. 

The contract for the cab and the visual system will be awarded this year. The visual system will 
Include the Image-presentation system and the Image-generation system. It will be capable of providing 
visual cues to a pilot for conventional terminal-area operations, landings at unprepared sites, tiing lead 
maneuvers, precision hover, nap-of-the-Farth flight, air-to-ground weapon delivery, air-to-air conbat, 
autorotatlonal landings, and ship landings. The system ulll be able to present all scenes under dayll^t, 
dusk, and night situations with variable weather conditions. The resolution of the presented scene will 
be no worse than 6 arcmin, with a goal of 3 arcmin for the background and 1 to 3 arcmin for targets. A 
minimum field of view of 120* horizontally by 60* vertically Is required, with a goal of Z40* horizonully 
by ♦120*, -60* vertically. A color capability of two basic colors Is required, with full color at a goal. 

A scene lllimilnatlon range of 103 cd/xr it required, with |7| cd/m*’ at a goal. These t-ichnical capabili- 
ties are summarized in Table 7. 

Me assume that a computer-image-generatlon system will be proposed by Industry; however, any Image- 
generation system that can meet or exceed our specifications will be considered. At a minimum, the special 
Image-generation effects will include horizon glow for dusk and night scenes, one layer of fog or hate, and 
the capability to simulate an indistinct, hazy horizon. Special-effect goals include modification of 
Imagery to $1««j1ate IR displays, rotor flicker effects, blowing dust or sand upon landing or low hcver, 
target destruction or partial destruction, smoke, missile trail, patchy fog in low-lying areas, and cloud 
simulation. The deliverable data base will include a conventional airport, a helicopter stage field, an 
oil rig, and an NOE gaming area consisting of a 1.6 by 3.2 km ter»-^in SKtion. A variety of objects will 
be available for nxxlifying the delivered data bate including a var lety of ground and air vehicles, trees, 
bushes, hedges, power poles, roads, streams, and buildings. 

To provide us with a review of the rapidly advancing technology and to assist us in evaluating all of 
the trade-offs in the visual simulation area, a preliminary design study contract was awarded by the 
U.S. Army to Boeing Military Airplane Company, Wichiu. Unsas. This Study was completed In 1960 and pro- 
vided the basis for the preparation of the specifications for the visual display for our new rotorcraft 
simulator. A sumnary of the results of this review is presented in Ref. 12. 
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Tta MdMteal tlitt vin to ftotlblt fto Mr ratorcnft ttaMlttor to tto IM-M 

toHto (tolMtot ttot MMMl to w ii c to *(mm1 sjrttM mmmmU will to mlltolt. tour fMitoto i1i#lto 
•Mta cMCMt* CM to tottwlatto ttot twwrfM«u om «r wMt af ttoaa tactoalwv atoaacaMata. to tto 
flrtt ttoM ctMart* OlacMaaO tolM. a iptoHcal kimii 1i waai. Tto tofTtoin c a ctoracttrlatlct flaw 
art tor Mitetto Olatlay praiaetort awly. 

1. L1|kt-«al«t ato aattmlat aptlca ctMapti TMt rtlativtly cmaantlaMl ettflfiiratlM wata ttoaa 
11tot-Ml«a praJactara catolaal witli aitaMlaa aptica. Tto caaeapt la PapIctaP to Pif. M. Tto aataatoP 
‘parlacapt* Paalan of tto aptica allowa tto ptacaMOt of laaaaa naar tto cantar of a aptorlcal acrooa to 
irtnlBln Platortloa, ctomoi Mtdito|> and facM praPlawa. A toad tractor oo tto ctm apitor'a totaot 
controla tto ■otloo of tto prajactar aad aptica to tto pitcli aala. Prajactar taaoM art odpa wa tcto d to 
Maklof iMido tto oatamlon atolca. Advantapaa of thla coacopt aro low doalpn rm aad hlpti Koao hr1|ht- 
aoaa. Olaadvaatapoa aro llwiutloaa oa latoral flold of vlaw aad Mrplaal raaototlaa. 

1. 11|M-Mlva aad flPor optica coacaptt la tola coacopt flaalbit catoroat flPor optic toadloa 
traaMit iMpta to aa optical tiaad frow torN llpAt-valro proioctora fliad to tto craw lUtloa platfom. 

Tto fitor optic buadloi aro fraauaacp wvltlplaaod to wlalwlM tto offKt of ladlvldaal flPor Proatopa. 

Tto optical toad la pltoallod, aa aPawa la rip. 17. Tto platol la alavod to tto wotloa of tto crow waaPor'a 
tolaat la pitch aad /aw aad rotatai about tto axlt pupil of tto optica. Tto iMpo la a cawpoalta doalpaod 
with hito roiolutlon In tto caatral aroa of tto dliplajf b/ laaottlap oaa of tto ctoanola of P.t arcarta par 
llaa pair roaolutloa la a pair of lowor roaolutloa floida. AdvaatapH of thla approach lacludo raducad 
plabal dr1»a poMr roau1<toaaatt aad widor total flold of vlaw ttoa tto pracodlap coacopt. A aocoad 
approach (aot atowa), uilap tto taat llpht-valvo prejocton and fibor optica, ailalaatai tto platol aad 
addi a fourth chanaal to widoa tto lattaauaoous flold of vlaw. With this arranpawoat. a Zii* horinatal 
flold of vlaw with caapotito raaolutloa floldi It foaalbla at a briphtnoti roductlon to about 2.3 fl. 

Thit approach lacroattt tto rtl lability and Initantanoout field of vlaw but docrtatai tto raaolutloa on 
tto tidat to a aarolnal 11 arcaln. Thora It alto aa undatirabic 47*-lonp horizontal “window* Joint at tto 
cantor of tto dltpiay tcana. 

3. Scanninp latar concapt: Tto uta of a tcanninp latar allowa tto p.-ojactloa of a bripht colllaatod 
boa* of llpht on a tpharical tcroan with a vortical tar tcaa. Aa In tto provlout eoncaptt. tto tcannar 
projector It potitlonad above tha haadt of tto craw a .>art, at ihown In Flp. 16. Pacauia of tto larpa 
depth of field, tto projector it not conatratned to tto icrean canter. Tto dltpiay It tiawabla In pitch 
and It tlaved to tolwet petition In pitch. AdvantapM of tto later concapt art poto retolutlon and wide 
Inttantaneout flold of view. Tto large contlnuout Kon rogulrct tpaclal interface contidaratlent with 
cowputer iMpe generation hardware. 

4. tolwat-anunted dltpiay concept: In thit concept, a tMlI virtual Iwaging tyitaw It wountad on a 
craw aato i r't helnat. Three light-valve projectort relay tto vltual laaget to thit tolwet wountad dltpiay 
(HMD) via fleilble. coherent fiber-optic bundlet. Tto three Iwaget are procattad optically Into two 
tcanet. one for each eye. at tto output of tto projKtort. Tto tkatch In Flp. IP dMiett a concapt la 
which two tuch tyttawt are uted. Tto HMD hat optical cowblner lentet which perwit ‘viewing* of tto 
Interna) cab and Intirtwantt In the treat uf view where tto CSl Iwtge It blanked. Prior cockpit wtpplaa 
providet cab Interior polar plot Inforwttlon to blank tto Iwtge. An artltt't concept of thit tdd) blanking 
It thown In Fig. 20. A head tracking tyttaw providet pilot head petition Inforwttlon to the C61 vltual 
tyttew. Tho advanttgat of the HMD approach are nuwerout. It offert effectively unllalted total field of 
view with a wlnlwuw of dlttortlon; llluwinatlon efficiency It adaguate to allow a wide range of projactor 
pottibllltlat; and ellwlnatlon of eitemal tcraen or ether optical elawantt allowt a large space and 
weight taving. Ditadvantagat Include tone toad encuabrance and tern Inconpatiblllty with actual aircraft 
tolnat-wouated hardware. However, of all the conceptt ttudled, tto HMD utet the nawatt and leaat proved 
tachniquat and thus 'nvolvet the highett ritk. 

S. CONCLUSION 

He believe tto tine hat cone for expanding tto role of ground-bated flight tlnulatlon In tto develop- 
went of rotorcraft and other VTOL aircraft tyttawt. Siwulatlon technology hat advanced to tto point that 
wott VTOl aircraft flying tatkt can be tlwulated with a high degree of fidelity. The need for tlnulatlon 
tot developed i.oncowltantly with new nlttlon attig n wantt ttot have retulted In wore ceap1e« tyttaaw aad 
wore difficult trade-off d*c1tlont. Ground-bated tlwjiatlon It the bett way to tyttaewtlcally Invettigate 
all tto trade-offt; It it tne only way ttote trade-offt can be ttudled tafely and on tto ground, before 
hardware It developed. 

He expect that the current U.S. Arwy/NASA joint prograai to develop the RSIS will retult In a unique 
facility at Awet Research Center that will benefit the entire helicopter Industry. Sinllar NASA facili- 
ties have bean used extentively by European at wall at U.S. fixed-wing Industries; It It expected that tto 
rotary-wing cownunity will awke a conparable use of this new facility. He are confident that tto RS;S 
will be a Mjor step forward In sliaulatlon capability and that It will prove at valuable In rotorcraft 
research and developnant at hat Ut counterparts In tto fixed-wing Industry. 
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TABLE 1. SYSTEMS IN Tl€ U.S. AANT ADVANCED 
ATTACK HELICOATER. AH-64. MANA6C0 BY THE PILOT 
OR COPILOT/CUNNEA 

TABLE 2. MOTION (AUTFOAM) AEQUIAEMENTS 
FOA CRITICAL TEMAIN FLIGHT MANEUVERS 
(free Ref. 9) 

Intorcoaiaunlcatlont Subtyttco 



Parameter 

UHF Conunicatlont 



— 


VHF-FM CONVinlcatlont and Hotting 


Position, 

Velocity, 

Acce'eratlon, 

VHF-AM CotNunlcatlont 

Alls 

-ad. 

rad/ tec. 

red/tec’ , 

CoMunIcatlon Security 


■ 

11 / tec 

m/tec* 

AutOMtlc Dlroctlon Finding 





Doppler Navigation 

Yaw 

:0.4 

tO.B 

il.O 

Radar Altliiettr 

Pitch 

jO.3 

?0.S 

:1.0 

Heading Attitude Reference 

Roll 

tO.3 

:0.S 

.•!.: 

Identification (IFF Security) 

Surge 

il.3 

•1.3 

t3 

Crath Locator Beacon 

Sway 

:3 

•7.6 

•3 

Radar Uaming 

Heave 

♦7, -14 

♦8. -11 

♦!•*, -17 

Target AcQuItUlon and Detignatlon Subtytteo 




■■ 

Pllot't Night Vision SubtyttM 

Notes: 

(1) Tht rtqu1rf.wit 

It for tlmui- 

Integrated Helnet and 01) play Sight SubtyttM 

T'.neout oteratlon. 

(2) Tht rotational 

Video Recording and Playback 

ginibal 

order It yaw, pitch. 

roll. (3) Trant- 

SyMology Generator 

1atlon«1 am art orthotonal 

; plus It forward 

Fire Control CoMputer 

right. 

and down. 




TABLE 3. 


EAAMPLES OF SIMULTANEOUS EXCUASIONS 
(from Aof. 9) 


table 4. 


MOTION platform THRESHOLDS 
(frM Rtf. 9) 


A<1t «t 

medinum 

potiton 

Simultaneous axis POtUlpn, t 

maslMM 

Roll 

s 

hitch 

Yaw 

1 

Surge 

Sway 

7 

Heave 

t 

100 

0 

31 

0 

97 

73 

(• 

60 

100 

6 

83 

46 

14 

‘t 

67 

77 

100 

78 

94 

41 

« 

33 

33 

19 

100 

0 

99 

V 

87 

33 

38 

83 

100 

77 

I 

47 

33 

0 

96 

69 

100 


Angular 

Petition Volocity Accoloratlon 


0.7 


dtg 


0 2 

dog/ tec 


0.7 » 
dog/ttc^ 


Mnoar 

tieratlon 

0.01 g 


It In rai/ttc. 
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TABLE 5. ROTOBCRAFT KATHEHATICAL MODELS FOR PILOT-IN-THE-LOOP 
SIMULATION 


Model coaplexltjr^ 

Linear aerodynamics. Nonlinear 
Application Hith simplifications aerodynamics 

I 2 3 4 5 1 3 S 

General flying qualities — well within flight envelope 


Basic aircraft 

Low-frequency maneuvers 
High-frequency maneuvers 
SCAS research 

Fuselage feedback 
Fuselage/rotor feedback 


X 

X X 

X X 

X X X X 


General flying qualities - full flight envelope 


Basic aircraft 

Envelope exploration and XX 

maneuvering performance 

Boundary limiting and X X 

expanding SCAS 


Specific aircraft flying qualities 


XXX 


•'1: Fuselage and quasi-static rotor, 6 OOF. 

2 : Fuselage and rotor flap. 9 DOF. 

3; Fuselage and rotor flap/rpm, 10 DOF. 

4: Fuselage and rotor f1ap/lag, 12 DOF. 

5: Fuselage and rotor flap/lag, pitch, rpm, 16 DOF. 


TABLE 6. MOTION ENVELOPE OF THE RSIS 


Mode 

Pisplacement 

Velocity 

Acceleration 

Vertical (Z1 

•30 ft ( -9 m) 

20 ft/ sec 

(-6.1 -'s) 

-32.2 ft'sec7 (-9.3 m/sec^; 

Lateral (Y) 

•2 ft ( -6 m) 

-10 ft/ sec 

(•3.0 .m's) 

•24 ft/sec- (;7.3 m see* ) 

Longitudinal 

1*1 4 ft (-1.2 m) 

•4 ft/sec 

(-1.2 r./s) 

•10 ft/sec- (-3.0 in. sec^) 

Roll 

•IB' : C 3 rad) 

•AC’/sec ( 

•0.7 ral'sec' 

-115*/sec (-2 rad/sec' ) 

Pitch 

•18’ (0.3 radl 

*40’/sec ( 

•0.7 radi'se:) 

‘115*/sec- (--2 rad/sec‘j 

Vaw 

24’ (-0.4 radi 

;46*/se;. ( 

•0.3 rad sec) 

•l!5’/sec (-2 rad/scc-) 


Note: The rotational gimbal order is yaw, pitch, roll; translational axes are orthogonal; 
plus is forward, right, and down. 


TARlC 7. RSIS VISUAL S>STEM 


Parameter 


Minimum 


Goal 


Field cf view, hor-'ontal 
by vertical 
Resolution 

Luminanre 

Contrast ratio 
1(B; - S )'S 1 
Color 


2.0? ■ l.OS rad 
(120’ ■ 60') 

1 . 75 mraJ 
(6 arcmin) 

103 cd/m-' 

(20 FL) 

25 

2-color 


4.19 3.14 rad 

(240* ■ 180*) 
0.87 mrad 
(3 arcmin) 

171 cd/m7 
(50 FL) 


Full-colon 
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DESIGN CRITERIA 
AND 

SPECIFICATIONS 


FLIGHT CONTROLS 

■ MULTIMODE SC AS 

• INTEGRATED 
PILOT CONTROLS 
AND DISPLAYS 



HOVER APPROACH 






<} 


INCREASED 

MISSION EFFECTIVENESS 





• EVALUATE NEW ROLES MISSIONS 

• QUANTIFY MISSION DEFICIENCIES 

• EVALUATE NEW TECHNOLOGY 

• EVALUATE ALTERNATIVE CONCEPTS 
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ADVANCED 
'' • RDTARV 

WING 

g • NAVVVSTOL 


2. Simulator digital computer capability 
and requirements. 
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fig. 13. Vertical Motion Simulator (VMS). 
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EXISTING VERTICAL MOTION 
SIMULATOR 


FUTURE VMS WITH INTEGRATED RSMG 
AND INTERCHANGEABLE ADVANCED 
ROTORCRAFT CAB/VISUAL SYSTEM 


Fig. 14. Vertical Motion Simulator (VMS) RSIS project overview. 
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PARAMETER 

SYSTEM 

SPEC 

RESOLUTION 

FOV 

BRIGHTNESS 

CONTRAST 

COLOR 

6ii/11.5 ■rcmin LP 
140' H X 70“ V 
5.3 FL 
42:1 
RGB 

6.0 

120 H V 60 V 
30 
30:1 
2 


SYSTEM SLEWABLE FOV (TITUS L.V.I 




-140-- 
HIGH-RESOLUTION INSET 





B 

T 

40“ 

± 






T 

70° 


UNIQUE SYSTEM ELEMENTS: 

- 3 LIGHT VALVE PROJECTORS 

- 3 CHANNEL COMPUTER IMAGE GENERATOR 

- PITCH/YAW GIMBAL AND OPTICS HEAD 

- 3 MULTIPLEXED FIBER OPTIC BUNDLES 
-SPHERICAL SCREEN 


Fig. 17. Light-valve and fiber optics visual 
system concept. 


PARAMETER 

SYSTEM 

SPEC 

RESOLUTION 

FOV 

BRIGHTNESS 

CONTRAST 

COLOR 

6 arcmin LP 
175 H ■ 60 V 
5 FL 
50 1 
RGB 

60 

120 H • 60 V 
30 
30 1 
2 


SYSTEM SLEWABLE FOV (LASER) 



UNIQUE SYSTEM ELEMENTS: 

? COLOR LASER SCANNER 
PITCH GIMBAL 
SPHERICAL SCREEN 
HEAD TRACKER 
VIDEO PROCESSOR 
. SUPPORT EQUIPMENT 
VACUUM'GAS SUPPLY AND WATER SUPPLY 
6 CHANNEL COMPUTER IMAGE GENERATOR 


Fig. 18. Scanning laser visual system concept . 
























